We use the autoregressive distributed lag (ARDL) bounds approach to cointegration in order to investigate the short and long-run relationship between per capita CO 2 emission, GDP, renewable and non-renewable energy consumption and trade openness for Tunisia during the period 1980-2009. The Fisher-statistic for cointegration is established when CO 2 emission is defined as a dependent variable. The stability of coefficients in the long and short-run is examined. Short-run Granger causality suggests that there is a one way causality relationship from economic growth and trade openness (exports and imports) to emissions, whereas there is no causality running from renewable and non-renewable energy consumption to emissions. The results from the long-run relationship suggest that nonrenewable energy consumption contributes positively in explaining CO 2 emission (for both models), whereas renewable energy affects CO 2 emission negatively (for the model with exports). The contribution of trade openness is positive and statistically significant in the long-run. The Environmental Kuznets Curve (EKC) that assumes an inverted U-shaped relationship between per capita CO 2 emissions and output is not supported in the long-run. This means that Tunisia has not yet reached the required level of per capita GDP to get an inverted U-shaped EKC.
Introduction
To our knowledge, there is no cross-sectional study that has addressed the causal relationship between environmental pollution, renewable and non-renewable energy consumption, and trade openness. This study tries to test the validity of the so-called Environmental Kuznets Curve (EKC) hypothesis for the case of Tunisia. We will evaluate the impact of per capita real GDP, per capita renewable and non-renewable energy consumption, and per capita trade openness on per capita CO 2 emission in Tunisia.
Several econometric studies focuses on the dynamic linkages between emissions of CO 2 , energy consumption and economic growth (e.g. Ang 2007 Ang , 2008 Ozturk and Acaravci 2010; Soytas et al. 2007) . Other recent papers reveal that trade openness is one of the most important factors that may affect pollution emissions in the short and long-run links through the energy used for production. However, they incorporate trade openness (exports plus imports) in the environmental specification model (e.g. Halicioglu 2009; Jayanthakumaran et al. 2012) . Our paper differs from the existing literature by the fact that we try to examine how renewable and non-renewable energy consumption and trade can affect polluting emissions. In fact, we use the same approach employed in the previous studies with a multivariate framework. However, in our study we separate energy in per capita renewable and nonrenewable energy. The trade openness is considered as a supplementary variable to the dynamic nexus.
In order to protect the environment and to save the Earth's biosphere from pollution, it's necessary to reduce CO 2 emissions to prevent predictable disasters. According to the World Bank (2011), Tunisia recorded an annual average of 11403.5 tons metrics for the whole period . The highest level of emissions is 25012.6 tons metrics in 2008 and the lowest level is 1727.2 tons metrics in 1960. Some recent empirical papers study the causal relationship between CO 2 emissions, energy consumption and economic growth for the Tunisian case. Fodha and Zaghdoud (2010) study the causal links between environmental indicators (CO 2 , SO 2 ) and economic growth for Tunisia, using cointegration analysis. They come to the conclusion that more investment in pollution abatement expense and more severe emissions reduction policies will not hurt economic growth. Chebbi (2010) debates the long and short-run causal links between energy consumption, economic growth and CO 2 emissions for Tunisia over the period . The author concludes that prudent energy and environmental policies should distinguish the differences in the relationship between energy consumption and output growth by sector. Chebbi et al. (2011) use cointegration techniques to examine the causality between trade openness, economic growth and CO 2 emissions for Tunisia. They recommend that the direct effect of trade openness is positive on emissions both in the short and the long-run but the indirect effect is negative.
Literature review
There are several empirical studies that are completely devoted to test the validity of the EKC hypothesis for a single country and/or a balanced panel. These studies can be classified in two categories of empirical research. The first category is supposed to examine the dynamic relationship between economic growth and environmental pollutants (e.g. Akbostanci et al. 2009; Fodha and Zaghdoud 2010) or between economic growth, energy consumption and environmental pollutants (e.g. Ang 2007 , Arouri et al. 2012 . The second category is supposed to examine the dynamic relationship between economic growth, energy consumption, environmental pollutants and trade (e.g. Suri and Chapman 1998; Halicioglu 2009; Jayanthakumaran et al. 2012) .
Concerning the first kind of literature, Ang (2007) studies the case of France over the annual period 1960-2000 by using cointegration and vector error-correction modeling techniques and his results provide the existence of a robust long-run relationship. The longrun relationship supports that economic growth exerts a causal influence on the growth of energy consumption and the growth of pollution. The results also provide that in the short-run there is a unidirectional causality running from growth of energy consumption to economic growth. Arouri et al. (2012) employ cointegration techniques to examine the relationship between carbon dioxide emissions, energy consumption, and real GDP for 12 Middle East and North African countries (MENA) over the period . They results reveal that, in the long-run, energy consumption has a positive significant impact on CO 2 emissions. Also real GDP exhibits a quadratic relationship with CO 2 emissions for the region as a whole. The long-run elasticities of income and its square satisfy the EKC hypothesis in most studied countries. Emission reductions have been realized in the MENA region, even though the region exhibited economic growth over the period . In the case of Tunisia, Fodha and Zaghdoud (2010) investigate the relationship between economic growth and pollutant emissions (CO 2 and SO 2 ) over the annual period 1961-2004. They find that there is a long-run cointegration relationship between emissions of the two pollutants and GDP. They also conclude that an emission reduction policy and more investment in pollution abatement will not reduce the Tunisian's economic growth.
Concerning the second kind of literature, Halicioglu (2009) examine the causal relationship between carbon emissions, energy consumption, income, and trade in the case of Turkey by using the autoregressive distributed lag (ARDL) bounds testing to cointegration procedure. The results from the bounds indicate that there are two forms of long-run equilibrium. The first form is that carbon emissions are explained by energy consumption, income and trade, and the second form is that carbon emissions, energy consumption, and trade are determinants of income. From the first form which respects the EKC hypothesis, the empirical results suggest that income is the most significant variable followed by energy consumption and trade.
Our study differs from the existing literature by the fact that we try to test how economic growth, renewable and non-renewable energy consumption, and trade openness can affect pollutant emissions for the case of Tunisia. Practically, our model follows the same econometric specification developed by Halicioglu (2009) and Jayanthakumaran et al. (2012) with the difference that, in our model, trade openness distinguishes between real exports and real imports. By separating these two trade variables, we can know which of these variables contributes to CO 2 emissions, when renewable energy consumption is used for economic production.
The objectives of our empirical estimations are to investigate the dynamic causal relationship between variables and to examine how these variables are associated with the long-run equilibrium. In particular, the aim of this study is to test whether the environmental Kuznets curve relationship between per capita CO 2 emissions, real GDP, renewable and nonrenewable energy consumption and trade openness grips in the long-run or not. As mentioned in the previous studies, empirical specification includes foreign trade to reduce omitted variable bias (Jalil and Mahmud 2009) . However, in our model we decompose the impact of trade openness in real exports and real imports in order to clarify which variable may affects environmental conditions. Thus, our empirical analysis uses ARDL techniques to check for long-run association between variables using two specification models: one with exports and one with imports. Our statistical analysis follows five steps: i) examines the stationary proprieties, ii) selects the optimal lag length order of the vector autoregressive (VAR) model, iii) tests the existence of the long-run relationship among variables through Wald test based on Fisher statistic, iv) establishes the direction causality between variables by using pairwise Granger causality tests, v) estimates the short and long-run parameters, and vi) tests the stability of the model. (Heston et al. 2012) . All variables presented in Eq. (2) are in natural logarithms.
Data and methodology

Data and specification model
The coefficients ( 1, 2, 3, 4, 5) i i α = are the long-run elasticities corresponding to each explanatory variable. With respect to the EKC hypothesis, the sign of 1 α is expected to be positive ( 1 0 α > ), whereas 2 α is expected to be negative ( 2 α <0). Indeed, an increase in real GDP would lead to an increase in emissions, whereas an increase in the square of real GDP would lead to a decrease in emissions. The expected sign of 3 α is negative because an increase in per capita renewable energy consumption would decrease per capita emissions. The sign of 4 α is expected to be positive ( 4 0 α > ) given that emissions increase if the consumption of non-renewable energy is higher. The signs of 5 α is expected to be mixed and depend on the economic level of the country. Grossman and Krueger (1995) , Halicioglu (2009) and Shahbaz et al. (2012) reveal that the sign of trade openness slope parameter is positive if the dirty industries of developing economies are producing with heavy share of CO 2 emissions.
Unit root tests
To check for integration order of each variable, we use traditional unit root tests. All variables are tested at level and after the first difference using a test of Fisher based on the Augmented Dickey Fuller (1979) (ADF-Fisher) and Phillips and Perron (1988) (P-P Fisher). These two tests assume that the null hypothesis is that there is a unit root, whereas the alternative hypothesis is that variables are stationary after first integration.
ARDL bounds testing approach
A number of cointegration techniques can be used for testing the existence of a long-run relationship between analysis variables. One of these cointegration techniques named autoregressive-distributed lag (ARDL) or ARDL bounds approach has been employed by Pesaran and Pesaran (1997) , Pesaran and Smith (1998) , Pesaran and Shin (1999) , and Pesaran et al. (2001) . As revealed in previous studies, the ARDL approach used for cointegration has several econometric advantages:
Compared to other cointegration techniques that require that all variables should be integrated into the same order, ARDL bounds can be employed without inspecting the integration order of variables. This technique examines the long-run relationship between variables and is appropriate whether regressors are purely integrated of order zero I(0), purely order one I(1) or fractionally integrated (Pesaran and Pesaran 1997) .
The long-run and the short-run informations are integrated in the same specification derived from ARDL after linear transformation, and are simultaneously estimated which removes the problems associated with serial correlation and endogeneity (Pesaran and Shin, 1999) . (iii) Compared to other cointegration approaches such as Engle and Granger (1987) , Johansen and Juselius (1990) , and the fully modified OLS procedures of Phillips and Hansen (1990) , the ARDL approach for cointegration recommends better results with a small sample (Haug, 2002) .
The ARDL representation of Eq. (2) 
Where ∆ and t π are the first difference and the error terms, respectively. According to Pesaran et al. (2001) , the long-run linkage between variables is tested for the joint significance of estimated coefficients of the lagged level. This test can be done after determining the number of optimal lag length for regression which is selected by the Schwarz Information Criteria (SIC). Based on the Wald tests, the Fisher-statistic is calculated in order to test the existence of cointegration among the variables. Pesaran et al. (2001) have developed this recent approach for cointegration which is established on the null hypothesis of no long-run association between the variables ( 0 7 : 0
calculated value is compared with two terminal critical values provided by Pesaran et al. (2001) . The first terminal critical value assumes that all variables are I(0) and corresponds to the lower critical bound value, whereas the second terminal assumes that all variables are I(1) and corresponds to the upper bound value. In this case, three assumptions are possible to interpret Fisher-statistic value: if the computed F-statistic exceeds the upper critical value, then we reject the null hypothesis of no cointegration. If the computed Fisher-statistic falls behind the lower critical value, then we cannot reject the null hypothesis of no cointegration between variables. Finally, if the calculated value falls within lower and upper critical values, then the result is inconclusive. In this case, Banerjee et al. (1998) suggest that the existence of cointegration can be tested using the significance of the error correction term. Diagnostic tests are computed to assess the robustness of the empirical model based on the serial correlation, residual heteroskedasticity, and normality tests.
Granger causality test
After establishing the existence of long-run relationship between variables using ARDL bounds technique, we run the Granger causality test to check for the direction causality between them. Given the existence of long-run association among variables, it is required to rely on the significance of the error correction term (ECT). However, Engle and Granger (1987) techniques are employed to examine the short and long-run association among variables in two steps. Firstly, we estimate the long-run coefficients of Eq. (2) in order to obtain the residuals. Secondly, we estimate the coefficients related to the short-run adjustment. The error correction model of the long-run equation is given as follows:
where ∆ indicates the first difference, t η denotes the standard error term, ECT t-1 is the lagged error term generated from Eq. (4), and α indicates the speed of adjustment coefficients. The Granger causality tests are employed to investigate the long-run relationship with the negative sign of the lagged ECT and its statistical significance using t-statistic, and the short-run relationship by lagged differences of variables specified in each equation using F-statistic.
Model stability tests
To assess the stability of the long and short-run coefficients of the empirical model, we apply the cumulative sum (CUSUM) and the cumulative sum of the square (CUSUMSQ) methods of Brown et al. (1975) . These tests are presented graphically and based on the ECM of Eq. (3). Halicioglu (2009) shows that the existence of a long-run association between variables does not mean that the estimated coefficients are stable. He also shows that the tests of Brown et al. (1975) are more powerful than other kinds of stability tests such as Hansen (1992) and Hansen and Johansen (1993) because these latter require that variables are integrated of order one and also does not incorporate short-run estimated coefficients of the model.
Empirical analysis
Our estimation policy begins with some descriptive statistics of the analysis variables, and then we test the stationary proprieties of each variable incorporated into the estimated specification. Following the most recent studies such us Ang (2007) , Halicioglu (2009) and Jalil and Mahmud (2009) , unit root tests employed in the analysis are traditional and include ADF and P-P Fisher tests to check for the integration order. The null hypothesis is that the series has a unit root, whereas alternative hypothesis is that the series is stationary. Unit root tests are done in the cases of intercept, and intercept and trend.
Fig 1. Natural logarithms of analysis variables
Fig 1 reports the time series plots in natural logarithms variations of per capita CO 2 emissions, real GDP per capita, renewable and non-renewable energy consumption per capita, real exports per capita and real imports per capita, respectively. According to these plots we notice that, throughout the selected period, the movement of all series has a trend upward across time, except renewable energy consumption which has an unstable evolution across time. Globally, excluding renewable energy plot, the other variables are characterized by similar tendencies and have nearly the same magnitude of growth. Note: ADF and P-P denote augmented Dickey-Fuller and Phillips-Perron, respectively. k is the lag length that is determined automatically and based on the Schwarz Information Criterion (SIC). a, denotes statistical significance level at the 1%. Table 1 reports the results of the ADF and P-P unit root tests. The result from ADF statistic test shows that per capita CO 2 emissions, real GDP per capita, square of real GDP per capita, renewable and non-renewable energy consumption per capita, real exports per capita, and real imports per capita are non-stationary at level, whereas after first difference they become stationary at the 1% significance level. Thus, the ADF test confirms that all series are I(1). From P-P unit root test, the results show the same outcomes and confirm the stationary proprieties of ADF test. Finally, these two tests ensure that none of the variables is integrated with an upper order 1 and approve that all series are integrated of order one, I(1) 2 . As previously shown, the ARDL bounds procedure allows that analysis series must be integrated in order of zero or in order of one. However, the integration test results reveal that all variables are stationary after first difference. Two steps have been recommended for the ARDL cointegration test. The first step consists in checking for the optimal number of lags for the vector autoregressive (VAR) model. Thereby, the number of lags on the first difference of variables is obtained via the unrestricted VAR by means of Log likelihood (LogL), Log likelihood ratio (LR), final prediction error (FPE), Akaike information criterion (AIC), Schwarz information criterion (SIC), and Hannan-Quinn information criterion (HQ) which are employed to determinate the optimal number of lags.
For the model with exports (resp. imports) the lag selection criteria results for VAR models are established. With two as a maximum number of lags, the estimated results of most criteria suggest that the optimal number of lags is equal to two (VAR (p=2)), and SIC suggests a maximum lag of one (VAR (p=1)). However, with a number of lag 2, the adjustment to the long-run equilibrium is not proved, whereas with a number of lag 1 the adjustment is significant. 3 In the light of these statistics, we decide to use (VAR (p=1)).
2 The use of the ARDL bounds technique cannot be used if one or more time series are integrated of order two or beyond. However, testing for cointegration assumes that all series are whether I(0) or I(1) or fractionally integrated in order to avoid spurious results (Ouattara 2004, Jalil and Mahmud 2009) . 3 With VAR (2) the ECM is statistically not significant because the t-statistic is equal to -1.63. However, the ECM is statistically significant for VAR (1) because the t-statistic is equal to -2.56.
The second step of the ARDL bounds approach consists in the estimation of Eq. (3) using OLS estimation method and the Wald test (Fisher-statistic) for the joint significance of the long-run coefficients of lagged levels of variables in order to test the existence of the long-run association using bounds test (coitegration test). This study employs the critical values of Pesaran et al. (2001) for the F-test to check for cointegration. For the choice of lag length, we use AIC and SIC criteria. A maximum of three lags is appropriate for our test. For the model with exports, the computed value of the Fisher-statistic is equal to 206.275. This value is higher than the lower and the upper bounds values (see Table 2 ). This result confirms that there is a long-run relationship (cointegration) among variables when the emissions of CO 2 are defined as a dependent variable. According to the AIC and SIC lag specification for emissions, the result reveals an ARDL (3, 3, 3, 3, 3, 3) for the model with exports. For the model with imports, the computed value of the Fisher-statistic is equal to 29.512. This value is higher than the lower and the upper bounds values (see Table 3 ). This result confirms that there is a long-run relationship (cointegration) among variables when the emissions of CO 2 are defined as a dependent variable. Based on the AIC and SIC lag specification for emissions, the optimal number of lags is (2, 2, 2, 2, 2, 2) for the model with imports. For the model with exports, the results from the short and long-run Granger causality tests are reported in Table 4 . The Short-run dynamics results reveal that there is evidence of a unidirectional causality from real GDP per capita to CO 2 emissions per capita and from the square of real GDP per capita to CO 2 emissions per capita at the 1% significance level, whereas there is no causal links that run from energy consumption per capita (renewable and non-renewable) to CO 2 emissions per capita. The interconnection between real GDP per capita (or the square of real GDP per capita) and renewable energy consumption per capita is unidirectional. Indeed, there is a one way causal relationship without feedback that runs from real GDP per capita (the square of real GDP per capita) to renewable energy consumption, but there are no links between real GDP per capita (or the square of real GDP per capita) and nonrenewable energy per capita. The short-run results show also that there is evidence of a unidirectional causality from real exports per capita to CO 2 emissions per capita and to renewable energy per capita. Also, there is a unidirectional causality running from per capita CO 2 emissions and per capita non-renewable energy consumption to renewable energy consumption.
The long-run dynamics results reveal that, for the model with exports, the error correction terms coefficients of CO 2 emissions per capita, renewable and non-renewable energy consumption per capita are negative and statistically significant at the 5%, 1% and 10% significance levels, respectively. It means that there is a long-run association running: i) from real GDP per capita, square of real GDP per capita, renewable and non-renewable energy consumption per capita and real exports per capita to CO 2 emissions per capita, ii) from CO 2 emissions per capita, real GDP per capita, square of real GDP per capita, non-renewable energy consumption per capita and real exports per capita to renewable energy consumption per capita, and iii) from CO 2 emissions per capita, real GDP per capita, square of real GDP per capita, renewable energy consumption per capita and real exports per capita to nonrenewable energy consumption per capita. For the model with imports, the results from the short and the long-run Granger causality tests are reported in Table 5 . In the short-run, there is a unidirectional causality without feedback from real GDP per capita (or the square of real GDP per capita) to CO 2 emissions per capita. However, there are no causal links running from energy consumption per capita (renewable and non-renewable) to CO 2 emissions per capita. There is also a one way causal relationship running from real GDP per capita (or the square of real GDP per capita) to renewable energy consumption per capita, but there is no causality between nonrenewable energy per capita and real GDP per capita. Granger causality results suggest that there is a one way causality running from real imports per capita to CO 2 emissions per capita at the 1% significance level. There is also a short-run causality running from CO 2 emissions per capita, non-renewable energy consumption per capita and real imports per capita to renewable energy consumption per capita. Finally, we find that there is a short-run unidirectional causality that runs from real GDP per capita (square of real GDP per capita) to real imports per capita at 10% significance level.
The long-run dynamics results reveal that, for the model with imports, the error correction terms coefficients of CO 2 emissions per capita and non-renewable energy consumption per capita are both negative and statistically significant at the 5% level. It means that there is a long-run association running: i) from real GDP per capita, square of real GDP per capita, renewable and non-renewable energy consumption per capita and real imports per capita to CO 2 emissions per capita, and iii) from CO 2 emissions per capita, real GDP per capita, square of real GDP per capita, renewable energy consumption per capita and real imports per capita to non-renewable energy consumption per capita.
Fig.2 Pairwise Granger Causality results
The most interesting reading that can be drawn from the short-run causality recommends that there are direct and indirect interdependencies between our main variables. According to Fig 2, the short-run causality between emissions, economic growth, renewable and nonrenewable energy consumption and trade openness (real exports and real imports) can be classified in two groups of causality relationship. The first group includes variables that affect emissions which are economic growth and trade openness, and the second group includes the explanatory variables that may affect directly renewable energy consumption in the short-run.
Regarding the dependence between emissions and economic growth, our finding suggests a one way causality running from economic growth to emissions. This result is consistent with the findings of Haggar (2012) for the case of Canadian industrial sector and Jalil and Mahmud (2009) for China. The presence of a unidirectional causality relationship from economic growth to emissions recommends that any fluctuations in economic growth may change the environmental degradations but any effort that may reduce emissions will not affect economic growth. There is also a unidirectional causality running from exports and imports to emissions. This result means that trade openness policy has a vital role in explaining emissions. This result is not on line with the finding of Halicioglu (2009) for Turkey.
The second group of short-run causality includes the explanatory variables that may affect directly renewable energy consumption. Interestingly, pairwise Granger causality affirms that emissions, economic growth, non-renewable energy consumption and trade have a significant impact on renewable energy consumption. The causality relationship that runs from emissions to renewable energy consumption is consistent with the findings of Menyah and Wolde-Rufael (2010) for the US and Apergis et al. (2010) . Contrary to the result of Apergis and Payne (2010a) for a panel of OECD countries, Apergis and Payne (2010b) for a panel of Eurasia countries, Apergis and Payne (2011) in Central America, and Apergis and Payne (2012) for a panel of 80 countries who find a bidirectional causality between economic growth and renewable energy consumption, our results reveal a unidirectional causality from economic growth to renewable energy consumption which are on line with Menyah and Wolde-Rufael (2010) . The short-run causality also reveals the existence of a unidirectional causality from non-renewable energy consumption to renewable energy consumption. This For the model with exports, the estimated long-run coefficients results are reported in Table 6 . All estimated coefficients are statistically significant at the 1% level, and the majority are positive exception the coefficients of per capita real GDP and renewable energy consumption which are negative. A 1% increase in per capita real GDP will decrease the per capita emissions of CO 2 by 25.23%, and a 1% increase in per capita the square of real GDP leads to an increase of per capita emissions by 1.58%. This result does not support the EKC hypothesis which affirms that, when the per capita real GDP is not sufficiently high, the per capita emissions of CO 2 increase with the per capita real GDP at a high rate, and then, when the per capita real GDP is sufficiently high, the per capita emissions of CO 2 increase with the per capita real GDP at a lower rate. A 1% increase in the consumption of renewable energy leads to a decrease in emissions by 0.08%, a 1% increase in the consumption of nonrenewable energy will increase emissions by 0.90%, and a 1% increase in real exports will increase emissions by 0.35%. Thus, in the long-run, more renewable energy use contribute to reduce slightly CO 2 emissions because in Tunisia the proportion of per capita renewable energy consumed with respected to the per capita total energy consumption is very week (approximately 0.20% for the year 2009). The results of the long-run estimates of the model with imports are reported in Table 7 . All coefficients are statistically significant at the 1% level exception for renewable energy consumption coefficient which is not statistically significant. The estimated coefficient of per capita real GDP is negative and the estimated coefficient of per capita the square of real GDP is positive, implying that the EKC hypothesis is not verified. Indeed, a 1% increase in per capita real GDP decreases per capita emissions by 12.34% and a 1% increase in per capita the square of real GDP increases per capita emissions by 0.76%. A 1% increase in per capita nonrenewable energy consumption increases emissions by 0.51%, and a 1% increase in per capita real imports increases emissions by 0.37%. The diagnostic test results show that, for the longrun models, there is no serial correlation, no problem of white heteroskedasticity, and the residual is normally distributed.
Either for the model with exports or the model with imports, long-run estimates suggest that more non-renewable energy consumption and/or more trade openness implies more emissions. This result is similar to that found by Ang (2009) in the case of China when total energy is used for production. This author suggests that more energy use with a higher level of income, and greater trade openness tend to harm the environment. Jalil and Mahmud (2009) find the opposite of our findings with total energy. Indeed, the coefficient of the trade openness variable is statistically significant but very low and contributes negatively to emissions during the selected period. Note: *, **, *** indicate statistical significance at the 10%, 5% and 1% levels, respectively. Note: *, **, *** indicate statistical significance at the 10%, 5% and 1% levels, respectively.
The results of short-run estimates are reported in Tables 8 and 9 for the models with exports and imports, respectively. The short-run estimation reveals that all the coefficients of the differentiated lagged variables are statistically significant, exception for the renewable energy variable for the model with exports, and renewable energy and import variables for the model with imports. The short-run coefficients of per capita real GDP and the square of real GDP are statistically significant with the first being positive and the second is negative. Thus, in the short-run, the inverse U-shaped of the EKC is supported. The lagged error correction term (ECT) is negative and statistically significant at the 5% level with a coefficient equal to -0.25 and -0.5 for the models with exports and imports, respectively. The statistical significance of the ECT confirms that the deviation of variables from the short to the long-run equilibrium is adjusted by 25% and 50% per year for the models with exports and imports, respectively. The residual diagnostic tests applied to the two specification models show that there is no serial correlation, no autoregressive heteroskedasticity, and residual are normally distributed.
The short and the long-run stability of coefficients are tested by using the cumulative sum (CUSUM) and the cumulative sum square (CUSUMSQ) techniques developed by Brown et al. (1975) . Graphically, the specific results of CUSUM and CUSUMSQ plots are illustrated in Fig.(3-6) and prove that the short and the long-run estimated coefficients are well within the 5% critical bounds (see the Appendix).
Conclusion
The short and long-run dynamic relationship between per capita CO 2 emissions, economic growth, renewable and non-renewable energy consumption, and trade openness is the purpose of investigation of this paper in the case of Tunisia over the period 1980-2009. Based on the EKC hypothesis, we employ the ARDL bounds procedure to cointegration in order to investigate the interconnection among variables in two separate specification models, one with per capita exports and the other with per capita imports.
Our empirical study begins by analyzing figure plots of each variable for the descriptive statistics section. Then, we proceed to examine the stationary proprieties using traditional unit root tests (ADF and P-P unit root tests). The result from these tests reveals that time series are non-stationary at level but become stationary after first difference.
The existence of a long-run association among variables has been tested using the ARDL bounds procedure by the Wald test which is based on the F-statistic. The result from this test shows that for both models, the computed value exceeds the upper and the lower critical value of Pesaran et al. (2001) . Long-run links have been verified when per capita emission is the dependent variable.
The directions of causality between variables have been established using Engle and Granger (1987) 's two-steps. The short-run interaction between emissions and economic growth is unidirectional from per capita real GDP (square of real GDP) to emissions but we do not find any short-run causality between emissions and energy consumption (renewable and non-renewable). There is also one way causality from economic growth (real GDP, square of real GDP) to renewable energy; from non-renewable energy to renewable energy; and from trade to renewable energy. Also, we find a unidirectional causality running from trade (real exports, real imports) to emissions. The error correction term corresponding to the long-run equilibrium is significant for each empirical specification and indicates the existence of long-run relationship between the variables when emission is defined as the dependent variable.
For the long-run association, the EKC hypothesis has not been established for both models (with exports and with imports). Indeed, for both models, an increase in per capita real GDP decreases the per capita emissions of CO 2 , and an increase in the per capita square of real GDP decreases the per capita emissions. The impact of economic growth on emissions is statistically significant and the estimated coefficients are not very similar for both models. In the long-run, a 1% increase in per capita renewable energy consumption decreases per capita emissions by approximately 0.08%, for the exports model. Per capita non-renewable energy consumption affects positively per capita emissions for both specification models. This result should incite policy makers to reflect seriously about the efficiency of energy policy by elaborating ambitious investment strategy in renewable energy required for emissions reduction.
Contrary to the results of Jalil and Mahmoud (2009) and Jayanthakumaran et al. (2012) , our policy recommends that trade openness aggravates the environmental problem. We think that the industrial sector in Tunisia still use dirty production technologies and an investment policy for importing new and clean production technologies using renewable energy will augment economic growth and reduce emissions. 
